Functional consequences of proline mutations in the cytoplasmic and transmembrane sectors of the Ca2(+)-ATPase of sarcoplasmic reticulum.
Site-specific mutagenesis was used to investigate whether Pro160, Pro195, Pro308, Pro312, Pro803, and Pro812 play essential roles in the function of the sarcoplasmic reticulum Ca2(+)-ATPase. All six prolines were substituted with alanine; and in addition, Pro308 was replaced by glycine and Pro312 by glycine as well as by leucine. Mutant cDNAs were expressed in COS-1 cells, and mutant Ca2(+)-ATPases located in the isolated microsomal fraction were examined with respect to Ca2+ uptake activity, Ca2+ dependence of phosphorylation from ATP, and the kinetic properties of the phosphoenzyme intermediates formed from both ATP and Pi. The enzymatic cycle was little affected by substitution of Pro160, Pro195, and Pro812, which are located in the cytoplasmic domain; but replacement of Pro308, Pro312, and Pro803, in the putative transmembrane helices, had a profound impact on the function of the enzyme. All mutations of Pro308 and Pro803 led to ATPases which were characterized by a reduced affinity for Ca2+. These prolines may therefore be involved in the structure of the high affinity Ca2(+)-binding sites in the enzyme. Substitution of Pro312 with alanine or glycine gave rise to mutants unable to transport Ca2+ even though their apparent affinities for Ca2+ in the phosphorylation reaction with ATP were increased. In these enzymes, the ADP-sensitive phosphoenzyme intermediate was stable for at least 5 min at 0 degrees C, whereas the ADP-insensitive phosphoenzyme intermediate decay at a rate similar to that of the wild type. Thus, the inability to transport Ca2+ could be accounted for by a block of ADP-sensitive to ADP-insensitive phosphoenzyme intermediate conformational transition. In contrast, substitution of Pro312 with leucine gave rise to a mutant enzyme that retained about 7% of the normal Ca2+ transport rate. Phosphoenzyme turnover in this mutant also occurred at a low but significant rate, suggesting that the leucine side chain can substitute to some extent for proline.